A preparative overpressure layer chromatography (OPLC) method was successfully used for the separation of two new natural compounds, 4-hydroxy-5,6-dimethoxynaphthalene-2-carbaldehyde (1) and 12,13-didehydro-20,29-dihydrobetulin (2) together with nine known compounds, including 7-methyljuglone (3), diospyrin (4), isodiospyrin (5), shinanolone (6), lupeol (7), betulin (8), betulinic acid (9), betulinaldehyde (10), and ursolic acid (11) from the acetone extract of the roots of Diospyros virginiana. Their identification was accomplished by 1D-and 2D-NMR spectroscopy and HR-ESI-MS methods. All the isolated compounds were evaluated for their antifungal activities against Colletotrichum fragariae, C. gloeosporioides, C. acutatum, Botrytis cinerea, Fusarium oxysporum, Phomopsis obscurans, and P. viticola using in vitro micro-dilution broth assay. The results indicated that compounds 3 and 5 showed high antifungal activity against P. obscurans at 30 mm with 97.0 and 81.4% growth inhibition, and moderate activity against P. viticola (54.3 and 36.6%). It appears that an optimized OPLC system offers a rapid and efficient method of exploiting bioactive natural products.
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Introduction. -Discovery of new crop protectants from natural products has received considerable interest as alternatives to synthetic agrochemicals for use as pestand disease-control agents. This interest stems from the fact that these are generally safer for human health and the environment. Biologically active natural products can be used in modern crop protections or can serve as lead structures for the development of new semi-synthetic analogs. Our current research efforts are directed to identification of natural product-based fungicides. In this research program, we evaluated 37 plant extracts using a direct bioautography bioassay to detect antifungal activity against Colletotrichum. Of these, Diospyros virginiana root extract showed the most promising activity. Based on preliminary screening results, a bioassay-guided fractionation of D. virginiana root extract was conducted to isolate and identify the pure metabolites possessing antifungal activity. Diospyros belongs to the family Ebenaceae that contains ca. 500 species of trees and shrubs [1] , of which more than 350 species are distributed in tropical and subtropical regions worldwide [2] [3] . The most well-known species is Diospyros kaki, which originated in East China and has been cultivated in Japan for centuries [4] . Some of the Diospyros species, such as D. peregrina and D. melanoxylon, have been used in folk medicine for the treatment of inflammation and urinary discharges, and for enrichment of blood [5] . Diospyros virginiana, the American persimmon, is native to North America, and the fruits were reported to show cholesterol-lowering activity, and usefulness to treat bloody stools, thrush, and sore throats [6] . The literature contains reports of nine compounds which were isolated and identified from either the leaves or the wood of D. virginiana [7 -9] . However, there are no reports in the literature on chemical fractions from the roots of D. virginiana.
OPLC was introduced by Tyihák and Mincsovics in the late 1970s [10] . In this process, a TLC plate is covered by a sheet of flexible material and subjected to a high external pressure. The high external pressure, which is generated by a programmable pump, pushes the mobile phase through the analytical or preparative adsorbent layer. This allows a faster separation and more compact spots than conventional TLC. Generally, the R f value of the migrated compounds is two to five times greater than in conventional TLC. OPLC also offers an advantage over traditional TLC, as it is a sealed system, which results in less solvent loss through evaporation [11] [12] . As such, OPLC has been widely used in analytical and preparative applications [13 -15] . Compared to conventional methods, OPLC offers a more rapid and reliable method for the isolation of naturally occurring compounds. Here, we report the application of a preparative OPLC technique to isolate co-migrating bioactive metabolites from the roots of Diospyros virginiana.
Results and Discussion. -The roots of D. virginiana were extracted with acetone in a Soxhlet extractor. The constituents of this extract were separated by flash chromatography, OPLC, and preparative TLC. A new naphthalene derivative, 4-hydroxy-5,6-dimethoxynaphthalene-2-carbaldehyde (1), and a triterpene, 12,13-didehydro-20,29-dihydrobetulin (2) were isolated from a natural source for the first time, along with nine known compounds, 7-methyljuglone (3) [16] , diospyrin (4) [17] , isodiospyrin (5) [16 -18] , shinanolone (6) [19] , lupeol (7) [20] , betulin (8) [21] , betulinic acid (9) [22] , betulinaldehyde (10) [23] , and ursolic acid (11) [24] . Although they are common in most of the Ebenaceae family [5] , compounds 10 and 11 were isolated for the first time from D. virginiana. The structures of the known compounds were confirmed by comparison of their spectroscopic data ( (Fig. 1) . From these data, the compound 2 was deduced to be 12,13-didehydro-20,29-dihydrobetulin. This is the first report of 2 from a natural source together with its full spectral data, although it has been prepared synthetically, and only the 1 H-NMR data were reported [26] . The antifungal activities of compounds 1 -11 were evaluated using a 96-well microdilution broth assay against the plant pathogens Botrytis cinerea, Fusarium oxysporum, Phomopsis obscurans, P. viticola, and three Colletotrichum species. Phomopsis species were the most sensitive fungi to these compounds. 7-Methyljuglone (3) and isodiospyrin (5) showed the highest antifungal activities against P. obscurans. Compound 3 showed 97.0% growth inhibition of P. obscurans at 30 mm at 120 h, whereas compound 5 showed 81.4% growth inhibition. The antifungal activities of 3 and 5 at 30 mm against P. viticola were 53.4 and 57.7%, respectively.
The new compounds 4-hydroxy-5,6-dimethoxynaphthalene-2-carbaldehyde (1) and 12,13-didehydro-20,29-dihydrobetulin (2) at 30 mm showed weak antifungal activities with 26.9 and 22.1%, respectively (Fig. 2) . Compounds 3 and 5 at 30 mm caused 54.3 and 36.6% growth inhibition of P. viticola at 120 h. Any test compound possessing < 50% growth inhibition at 30 mm is considered to have a weak antifungal activity in this bioassay. Compound 1 was more active against P. viticola at 120 h than at 144 h. This response is often observed when an inducible enzyme system is turned on, and a compound is detoxified by the fungus. However, the upward slope of the graph for compound 1 in Fig. 3 from the low to high concentration is indicative of precipitation in the aqueous microdilution broth assay. Because the microtiter plate reader measures changes in optical density, it does not discriminate between fungal growth and precipitation. Compound 1 appears to have come out of solution at the higher concentration (30 mm) in the P. viticola testing (Fig. 3) . Lipophilic compounds are problematic in in vitro aqueous bioassays, and follow-up antifungal testing will take place using a detached leaf bioassay [27] . The graphical results indicated that compounds 2, 3, and 5 appear to remain soluble at 120 and 144 h.
Commercial fungicides captan and benomyl are significantly more active than any of the compounds tested. Azoxystrobin, which is commercially used to control Colletotrichum and Botrytis diseases, shows poor activity against P. viticola. Both captan and azoxystrobin show 100% growth inhibition at 3 mm against P. obscurans. Although once an excellent agent for controlling anthracnose and other diseases of strawberries and ornamentals, resistance developed by pathogens has resulted in benomyl being less useful [28] . While the test compounds appear inherently antifungal, we hypothesize that these compounds are probably present in the plant as constitutive Conclusions. -Using a bioassay-guided fractionation of the acetone extract D. virginiana, we isolated the antifungal constituents of the roots of this plant. This research demonstrates that OPLC is a powerful technique that can be used to separate and isolate co-migrating natural products produced by plants. These constituents were tested for the first time against Colletotrichum spp., B. cinerea, F. oxysporum, P. obscurans, and P. viticola. The most promising agricultural lead compounds against the pathogen P. obscurans are 3 and 5. Phomopsis leaf blight and fruit rot is a serious disease with strawberries and causes serious economic loss of this fruit each year. Our results suggest that compounds 3 and 5 warrant further in vivo testing as plant protectants to control Phomopsis species [27] . Extraction and Isolation. Dried powdered roots (66 g) were extracted in a Soxhlet extractor with acetone (600 ml) for 8 h, and the extract was subsequently evaporated under vacuum to yield a dry residue (2 g). The crude extract was fractionated on a SiO 2 column (100 g, 50 Â 5 cm, ChemGlass) using hexane (500 ml), 5% AcOEt in hexane (600 ml), CHCl 3 (600 ml), 5% i PrOH in CHCl 3 (600 ml), and MeOH (600 ml), resp. Four fractions were obtained in total, Fr. 1 -4. Direct-bioautography-guided assay showed that the activity was found to reside in Fr. 1 (120 mg) and Fr. 2 (240 mg), with some activity in Fr. 3 (710 mg), while Fr. 4 (800 mg) did not show any activity against three notorious plant pathogenic fungi of the Colletotrichum species. A portion of Fr. 1 (10 mg) showed one major product and was purified by prep. TLC (SiO 2 ; hexane/CHCl 3 1 : 1) to furnish 7-methyljuglone (3; 1.5 mg). A portion of Fr. 2 (20 mg) was purified by OPLC (CH 2 Cl 2 ). Elution conditions were: flash volume, 300 ml; eluent volume, 30,000 ml; flow-rate, 500 ml min À 1 ; development time, 3606 s; external pressure, 50 bars. 88 Subfractions (1 ml/fraction) were obtained in total, of which Subfr. 49 -54 gave betulinaldehyde (10; 0.8 mg). Subfr. 72 -88 afforded ursolic acid (11; 1.3 mg). Subfr. 28 -37 were combined (7.9 mg), and further purification was performed by OPLC (hexane/Et 2 O 3 : 2 (20,000 ml; flash volume, 300 ml; flowrate, 500 ml min À 1 ; development time, 2406 s)), and 66 Subfr. (1 ml/fraction) were obtained, among which Subfr. 10' -18' furnished lupeol (7; 2 mg). Subfr. 19' -66' (marked as Fr. A) were combined to give a mixture of 3.6 mg containing four compounds with close R f values in several TLC systems (SiO 2 ; hexane/ AcOEt 3 : 2, CH 2 Cl 2 / i PrOH 9 : 1, CHCl 3 /MeOH 19 : 1). To obtain enough material for further purification, OPLC procedures were repeated six times for Fr. 2 under the same conditions, then Fr. A (19.6 mg) was obtained and purified by OPLC (CH 2 Cl 2 (100%, 20,000 ml; flash volume, 300 ml; flow-rate, 400 ml min À 1 ; development time, 3007 s)). Subfr. 12'' yielded the new compound 4-hydroxy-5,6-dimethoxynaphthalene-2-carbaldehyde (1; 1 mg) . Subfr. 9'' -11'' gave diospyrin (4; 2 mg). Subfr. 14'' -21'' afforded isodiospyrin (5; 2 mg). Fr. 3 (24 mg) was subjected to OPLC (CHCl 3 /AcOEt 95 : 5 (40,000 ml); flash volume, 300 ml, flow rate, 500 ml min À 1 ; elution time, of 4806 s). 123 Subfr.
(1 ml/fraction) were collected. Subfr. 54 -66 yielded betulin (8; 3.4 mg). Subfr. 67 -90 (7.4 mg), containing at least four compounds, were purified by OPLC (CHCl 3 /MeCN 49 : 1; flash volume, 300 ml; flow rate, 300 ml min À 1 ; total elution time, 4806 s). Subfr. 79' -87' gave shinanolone (6; 1.5 mg). The other minor compounds were in such small quantities that they were impossible to isolate. To obtain enough material for further purification, flash chromatography of Fr. 3 (400 mg; BIOTAGE (Isolera One); CHCl 3 /AcOEt (0 -5%; 200 ml) and CHCl 3 (100%, 201 ml -640 ml); flow rate, 5 ml min À 1 ; Si, SNAP 25 g column) was conducted. A total of 81 Subfr. (1 ml/fraction) were collected. Subfractions 38 -51 were combined to yield a mixture (30 mg). This mixture was subjected to the OPLC (CHCl 3 /MeCN 49 : 1 (40,000 ml); flash volume, 300 ml flow rate, 250 ml/min total elution time, 9624 s). 183 Subfr. (1 ml/fraction) were obtained. Subfr. 100 -112 were combined and identified as betulin (8; 2 mg). Subfr. 136 -144 yielded betulinic acid (9; 1 mg). Subfr. 114 -126 gave the new triterpene, 12,13-didehydro-20,29-dihydrobetulin (2; 1 mg) as a natural product.
4-Hydroxy-5,6-dimethoxynaphthalene-2-carbaldehyde (1 (11)). [32] . The acetone extract of D. virginiana roots was applied at 80 and 160 mg/spot in CHCl 3 onto a SiO 2 plate. Technical fungicide grade standards benomyl, cyprodinil, azoxystrobin, and captan (Chem Service Inc., West Chester, PA) were used as positive controls at 2 mm in 2 ml of 95% EtOH. TLC Profiles of Fr. 1 to Fr. 4 in CHCl 3 were tested against Colletotrichum spp., and mild polar compounds appear to be responsible for antifungal activity.
Micro-Dilution Broth Assay. A standardized 96-well micro-dilution broth assay developed by Wedge and Kuhajek [33] was used to evaluate the antifungal activity of pure compounds from D. virginiana that were identified as active by bioautography.
Isolates of Colletotrichum acutatum Simmonds, C. fragariae Brooks, C. gloeosporioides (Penz. ) Penz & Sacc. Botrytis cinerea Pers. :Fr, Fusarium oxysporum Schlechtend :Fr, Phomopsis obscurans (Ellis and Everh. ) B. Sutton, and P. viticola Sacc. were used to evaluate the antifungal activities of the test compounds using in vitro micro-dilution broth assay. Each fungus was challenged in a doseÀresponse format using test compounds, where the final treatment concentrations were 0.3, 3.0, and 30.0 mm.
Technical grade commercial fungicides captan, azoxystrobin, and benomyl, which represent three different modes of actions, were used as positive fungicide standards. Each compound was evaluated in duplicate, and the experiment was performed three times. Mean absorbance and standard errors were used to evaluate fungal growth after 48 and 72 h, except for P. obscurans and P. viticola (120 and 144 h).
